In the framework of the collaboration Program "JINR -Bulgaria" we investigate the 6, 8 He structure and a mechanism of elastic scattering of 6,8 He on stable nuclei and protons. In [1, 2, 3] we analyze the 6 He+ 12 C elastic scattering on the basis of the microscopic optical potential model.
In the framework of the collaboration Program "JINR -Bulgaria" we investigate the 6, 8 He structure and a mechanism of elastic scattering of 6, 8 He on stable nuclei and protons. In [1, 2, 3] we analyze the 6 He+ 12 C elastic scattering on the basis of the microscopic optical potential model. 6 He is a typical nucleus having the weak binding energy and extended neutron halo in its periphery. The latter is the reason why in collisions with the proton and nuclear targets the projectile nucleus 6 He is breaking up with a comparably large probability that causes the flux loss in the elastic channel. Therefore, the study of elastic scattering of 6 He on protons or light targets is a powerful tool to get information on peculiarities of the mechanism of such processes. In the present paper we perform an analysis of the 6 He+ 12 C elastic scattering data at three beam energies E = 3 [4] , 38.3 [5] and 41.6 MeV/nucleon [6] using the microscopically calculated OP.
Cross-section calculations
Here we give the main expressions for the real and imaginary parts of the nucleus-nucleus OP
The real part V DF consists of the direct and exchange double-folding (DF) integrals that include an effective N N potential and density distribution functions of colliding nuclei. The formalism of the DF potentials is described in [7, 8] . In the considered case V D and V EX include only the isoscalar part of the NN-potential while its isovector part is omitted because Z = N in the target nucleus 12 C. All details of the mathematical treatments and calculations are given in [9] .
Concerning the imaginary part of our OP, we take it in two forms. The first one has the same form as the real part of OP but with different strength. At the same time we test another shape of the imaginary part that corresponds to the full microscopic parameters of the microscopic OP (3)-(4) (gray area). The experimental data are taken from [5] OP derived in [10, 11] within the HEA [12, 13] whose imaginary part is as follows
Hereσ is the isotopically averaged total NN cross section, and f N is the form factor of the NN amplitude. The final microscopic volume optical potential has the following form:
where W (r) is taken to be equal either to V DF (r) or to W H (r). The parameters N R and N I entering (3) renormalize the strength of OP and are fitted by comparison with the experimental cross sections. In the work [1] we attempt to simulate the surface effects caused by the polarization potential by adding to the volume potential (3) the different surface terms:
where N sf I is a fitting parameter, and the shift δ is fixed to be δ = 1 fm.
We calculated the 6 He+ 12 C elastic scattering differential cross sections using the program DWUCK4 [14] and the microscopically calculated OP (3). One can see from Fig. 1 that the inclusion of different forms of the surface potential leads to almost similar curves of cross sections displayed in the gray area. The ambiguity of the values of N 's arises when the fitting procedure concerns a limited number of experimental data. We tried to choose the most physical values of N 's by adding the physical criterion that the obtained potentials should obey a determined behavior of the volume E=41.6A MeV Figure 3 : The surface ImOP's used in the calculations of the cross sections. Solid and dot-dashed curves are for W = W H and others for W = V DF , respectively. For details see [1] integrals dependent on the energy [7] 
where the OP's were fitted at different energies. Indeed, it was shown in [15, 16, 17] ) that the volume integrals J V decrease with the energy increase at E < 100 MeV/nucleon, while J W increases up to 10-20 MeV/nucleon and then saturates. In Fig. 2 we select those curves whose parameters N 's lead to the mentioned behavior of J V and J W . In Fig. 3 
Breakup analysis
We consider the simplest breakup hα-model of 6 He, where it is suggested consisting of two clusters 4 He and h, the correlated pair of two neutrons h=2n [6] . The s-wave function ϕ b (s) of relative motion of clusters was obtained by fitting to the known binding energy and rms-radius of 6 He and defines the density distribution of the latter
This density is then used for calculations of the ground state matrix elements of breakup processes.
One can see in Fig. 4 
Here the h-12 C potential is taken as the twice neutron-12 C OP U h = 2U n . In turn, potentials U α and U n are calculated within the microscopic hybrid model of OP [10] . Doing so, one can see from H and V DF forms (solid and dashed curves), as well as in the DF-model (dash-dotted and dotted curves) are closely displayed, and the corresponding total reaction cross sections are almost equal in value. As a result the hα-model of 6 He seems to be reliable for the further evaluations of total breakup cross sections with a help of the HEA theory. The earlier HEA theory for the breakup processes was developed in [19] , [20] for investigations of stripping and dissociation of deuterons in nuclear collisions. In recent papers (see, e.g., [21] , [22] and refs therein) this method was generalized to study breakup reactions of lightest nuclei.
In [2] we showed that this method is applicable for the 6 He+ 12 C at energies about 40 MeV/nucleon. Thus, we can obtain the total absorbtion cross section for the hα-model of 6 He within the HEA method as follows:
where
Here the relation is used of impact parameters b α = b h − b with b = s sin ϑ being the projection of the h − α vector s on the plane normal to the 0z-axis along the straight line trajectory of an incident nucleus.
In the case of the stripping reaction with removing h-particle from 6 He to the target nucleus, one should use the probability of h to leave the elastic
2 ), and for α to continue its elastic scattering with probability |S α (b α )| 2 . Then the probability of the whole process is
2 ), and to get the total stripping cross section one must average over b (s). In a similar manner the transfer of the α particle can be constructed, and the net contribution of both removal reactions yields the total breakup cross section
The sum of the absorption (8) and breakup (10) cross sections results in the total reaction cross section 
Results and conclusion
The results of the present work can be summarized as follows:
(i) The microscopic optical potential and cross sections of 6 He+ 12 C elastic scattering were calculated at three different energies. Comparisons with the experimental data were presented. In contrast to the phenomenological and semi-microscopic models we deal with a fully microscopic approach as a physical ground to account for the single-particle structure of the colliding nuclei.
(ii) While at low energies the volume OP's can reproduce sufficiently well the experimental data, at higher energies additional surface terms in OP having a form of a derivative of the imaginary part of the OP became necessary.
(iii) The depths of the real and imaginary parts of the microscopic OP's are considered as fitting parameters, and the problem of the ambiguity of these parameters arises. To overcome this ambiguity, additional physical constraints were imposed.
(iv) Estimations of the total cross sections were made by means of the preliminary calculated imaginary parts of optical potentials U h and U α for scattering of h-and α-clusters on 12 C. The obtained results are shown in Table 1 . The main conclusion can be made that the breakup cross sections constitute approximately a half of the total reaction cross section. Therefore the significant amount of the imaginary potential of the 6 He+ 12 C in elastic scattering channel is formed due to transmittions of the incident flux of 6 He into breakup channels. Finally, one can summarize that the elastic scattering data can be explained in a reasonably good agreement by using two folding models, one based on the one-particle shell model (we applied the LSSM model) and the other one suggests the artless hα-model of the 6 He structure. These both models explain fairly well the separation energy and rms radius of the nucleus. However the hα-model can also estimate the other characteristics of the reaction mechanism such as the 6 He breakup cross sections, and this gives a possibility to understand the significant role of breakup processes in formation of the imaginary part of the 6 He+ 12 C elastic scattering optical potential.
